The objectives of this study were to evaluate genetic variation among kabuli chickpea genotypes and to determine the relationships among agronomic traits with seed yield. Field experiments were conducted during the long and short rain seasons of 2013 using alpha lattice design in triplicate. Data on agro-morphological traits were recorded using descriptors for chickpea and analysed using SAS 2013 and Genstat 2014. There were highly significant (p < 0.001) variations among genotypes and genotype by environment interactions for all studied traits. The top five high yielding genotypes were ICCV 05315, ICC 13461, ICCV 07313, ICC 13764 and ICCV 00302. Genotypes ranking for most agronomic traits varied across environments which indicated a crossover type of genotype by environment interactions. Evaluated genotypes were polymorphic for six qualitative traits. Seed yield ha -1 was positively and significantly (p < 0.05) correlated with biomass yield ha -1 , pods plant -1 , plant canopy width and secondary branches plant -1 . These characters could be used for indirect selection of high yielding genotypes. The first principal component explained 57% of the total variation and was associated with days to 50% flowering and podding, plant canopy width, plant height, number of primary and secondary branches plant -1 , days to 75% maturity, number of pods plant -1 and biomass yield ha -1 as positive contributors. The documented information on genetic variation and association of agronomic traits with seed yield can be exploited to devise suitable breeding strategies and chickpea germplasm conservation.
Introduction
Chickpea (Cicer arietinum L.) is the third most important pulse crop in the world, after dry bean and field pea (Jagadish & Jayalakshmi, 2014) . The crop accounts for 12% of the world pulses production (Khan et al., 2011) . Chickpea is used as human food and livestock feed due to its high protein, vitamins, minerals and fibre contents. It is grown in arid and semi-arid regions of the world with a total annual production of 11.6 million tons from 13.2 million hectares and an average yield of 0.96 tons ha -1 (FAOSTAT, 2012) . Two main types of cultivated chickpea are grown globally: the desi and kabuli types. The major bottlenecks limiting chickpea production globally include narrow genetic diversity of cultivated chickpea, biotic (Pod borer, Fusarium wilt, and Ascochyta blight) and abiotic (drought, heat, cold and salinity) (Millan et al., 2006 , Upadhyaya et al., 2008 stresses.
Chickpea is a relatively new pulse crop in Kenya with a potential yield production of 1.4-2.5 ton ha -1 (Onyari et al., 2010) , 0.2-2.9 ton ha -1 (Mulwa et al., 2010) . The presence of information on genetic variation and interrelationship among yield and yield related traits is a pre-requisite for further breeding programme aimed at improving yield or quality of chickpea. Assessment of available chickpea germplasm can provide practical information for selection of elite plant material and thus, assist in devising future breeding strategies.
Studies in chickpea have reported a significant genetic variation for number of secondary branches plant -1 , number of pods plant -1 , biomass yield, seed yield and harvest index (Malik et al., 2009 ), days to flowering, days to maturity, number of pods plant -1 and seed yield (Bakhsh et al., 2003) . Other studies in chickpea reported significant variation for growth habit, seed shape and seed coat colour (Qureshi et al., 2004) , plant height, number of primary and secondary branches plant -1 , pods plant -1 and biomass yield (Aslamshad et al., 2009 ). 
Data Collection and Analysis
Data were recorded based on the available descriptors for chickpea (Cicer arietinum L.) (IBPGR, ICRISAT and ICARDA, 1993) . Both qualitative and quantitative data were collected using the provided descriptors. Data such as flower colour, stem colour, growth habit, pod dehiscence and leaf type were scored on plot -1 basis while seed coat colour, seed shape and seed testa texture were scored visually on seed samples. Data on days to 50% flowering, days to 50% podding, days to 75% maturity, pod filling period, biomass yield ha -1 and seed yield ha -1 were recorded on plot -1 basis but the other characters were recorded on six randomly selected and pre-tagged plants from the middle two rows of each plot.
Data were analysed using SAS, Second Edition (SAS Institute Inc., 2013) and Gen-Stat (Gen-Stat release 15.1, 2014) at 5% level of significance. Correlation analyses among the mean values of quantitative traits were conducted as outlined by Kwon and Torrie (1964) .
The mean of each character was standardized prior to principal components analysis in order to avoid differences in measuring scales. Principal component analysis of the standardized mean was performed to investigate the importance of different traits in explaining multivariate variation (Mallikarjuna et al., 2003) based on variance-covariance matrix.
Results

Variation in Agronomic and Yield Traits
Day to 50% Flowering (DF)
The genotypes and genotype by environment interactions showed highly significant (p < 0.0004) variation in days to 50% flowering (Table 2 ). All genotypes took longer time to flower in the long rain season compared to the short rain season at Juja. While at Kabete 71.8% of genotypes took longer time in the short rain compared to the long rain season. Early (ICCV 08302, ICCV 08303 and ICCV 07308) and late (ICC 13283, ICC 13461 and IG 72109) flowering genotypes at Juja consistently flowered early and late at Kabete. Twenty eight and twelve genotypes flowered earlier than the check varieties ICCV 00305 and ICCV 92318 respectively.
On the basis of overall means, the studied genotypes showed wide differences in response to flowering time. Eleven genotypes were classified as early (< 40 days), 19 genotypes as moderate (40-50 days) and 9 genotypes were late (> 50 days) in flowering. The earliest flowering genotypes were ICCV 07308 (31.9 days), ICCV 08303 (32.0 days) and ICCV 08302 (32.5 days) followed by ICCV 03404 (35.6 days) and ICCV 05312 (35.7 days). Genotypes ICC 13283 (64.8 days), ICC 13461 (62.6 days), IG 72109 (58.8 days), ICC 15802 (57.3 days) and K022 (57.3 days) were the latest in flowering ( Table 2 ). The check varieties ICCV 00305 (47.7 days) and ICCV 92318 (40.2 days) were categorized as moderate in flowering. Based on the environment wise means, the earliest flowering was recorded in the short rain season at Juja (37.7 days) followed by long rain season at Juja (46.6 days), long rain season at Kabete (47.6 days) and short rain season at Kabete (48.3 days) with a grand mean of 45.1 days.
Plant Height (PH)
There were highly significant (p < 0.0001) variations among the genotypes and genotype by environment interactions for plant height (Table 2 ). All genotypes recorded taller plant height in Juja compared to Kabete. The studied genotypes recorded taller plant height during the long rain season compared to the short rain season at Juja. While at Kabete some genotypes recorded taller plant height during the short rain season and vice versa. The taller (IG 72019, IG 71055 and ICC 13461) and shorter (ICCV 07306, ICCV 92318 and K022) genotypes for plant height at Juja also recorded taller and shorter plant height at Kabete. The ranking of genotypes for plant height varied across environments. Twenty six and thirty six genotypes were taller than the check varieties ICCV 00305 and ICCV 92318 respectively.
Based on overall means, genotypes showed significant genetic variation with respect to plant height. Three genotypes were classified as short (< 40 cm), 30 genotypes as medium (40.1-50.0 cm) and 6 genotypes had tall ( > 50.0 cm) (Table 2) plant height. Genotypes IG 71055 (58.9 cm), IG 72109 (54.4 cm) ICC 13461 (53.8 cm), ICCV 03404 (53.0 cm) and K025 (52.0 cm) recorded the tallest plant height. While genotypes ICCV 07306 (37.2 cm), K022 (39.8 cm), ICCV 92318 (39.9 cm) and K017 (40.3 cm) were the shortest for plant height. The check varieties ICCV 00305 (45.6 cm) and ICCV 92318 (39.9 cm) were classified as medium and short plant height respectively. With respect to environment wise means, the tallest plant height was recorded in the long rain season at Juja (56.3 cm) followed by short rain season at Juja (50.0 cm), short rain season at Kabete (39.9 cm) and long rain season at Kabete (39.1 cm) with a grand mean of 46.3 cm. Note. ** -significant at 1%, * -significant at 5% and NS -non-significant at 5% level of significant, © -Genotypes were analysed using missing block and hence they have the same values for all traits.
Days to 75% Maturity (DM)
Genotypes and genotype by environment interactions showed highly significant (p < 0.0001) variation for days to 75% physiological maturity (Table 3 ). The evaluated genotypes took longer time to mature in the long rain seasons compared to the short rain seasons at both sites. All genotypes took shorter time to maturity at Juja compared to Kabete in both seasons. The ranking of genotypes for days to maturity varied across environments. Twenty one and six genotypes matured earlier than the check varieties ICCV 00305 and ICCV 92318 individually.
With respect to an overall means, the genotypes showed significant differences in response to maturity time. Ten genotypes were classified as early (< 112 days), 20 genotypes as moderate (112.0-115.0 days) and 9 genotypes were late (> 115.0 days) in maturity. The earliest maturing genotypes were ICCV 08303 (108.8 days), ICCV 07308 (110.0 days), K041 (110.4 days) and ICCV 05312 (110.5 days). While genotypes IG 71055 (123.4 days), ICC 13283 (121.4 days), IG 72109 (120.3 days), ICC 13461 (119.6 days) and ICCV 00302 (118.3 days) were the latest in maturity (Table 3 ). The check varieties ICCV 00305 (114.4 days) and ICCV 92318 (112.9 days) were classified as moderate in maturity. Based on environment wise means, the earliest maturity was recorded in the short rain season at Juja (91.6 days) followed by short rain season at Kabete (104.7 days), long rain season at Juja (121.6 days) and long rain season at Kabete (139.4 days) with a grand mean of 114.3 days.
Number of Pods Plant
-1 (NPP -1 )
There were highly significant (p < 0.001) differences among genotypes and genotype by environment interactions for number of pods plant -1 ( was recorded in the long rain season at Juja (91.5) followed by short rain season at Juja (80.6), long rain season at Kabete (75.4) and short rain season at Kabete (46.8) with a grand mean of 73.6. Note. ** -significant at 1%, * -significant at 5% and NS -non-significant at 5% level of significant, © -Genotypes were analysed using missing block and hence they have the same values for all traits.
Seed Yield (SY)
The genotypes and genotype by environment interactions indicated highly significant variation (p < 0.004) for seed yield ha -1 (Table 4 ). The evaluated genotypes recorded higher seed yield ha -1 in the long rain seasons compared to the short rain seasons at both sites, except ICCV 05312, ICCV 05315, ICCV 07306, ICCV 07308, ICCV 07313, ICCV 08302, ICCV 08303, ICCV 08307, ICCV 92318, K017, K038, K022, and K025 which recorded higher values in the short rain season at Kabete. During the long rain season, studied genotypes recorded higher seed yield ha -1 at Juja compared to Kabete, except ICC 15802, ICCV 00402, IG 71055 and ICCV 92311. In the short rain season, higher seed yield ha -1 was recorded at Kabete except for ICC 13283, ICC 13461, ICCV 03404, ICCV 92311, ICCV 95311 and IG 71055 which recorded higher values at Juja. The ranking of genotypes for seed yield ha -1 varied across environments. Seven and thirty seven genotypes surpassed the check varieties ICCV 00305 and ICCV 92318 for seed yield ha -1 respectively which indicated considerable variation among the evaluated kabuli germplasm.
Based on overall means, the results indicated a wide range of variation among genotypes for seed yield ha -1 . Eight genotypes were classified as low (< 0.8 ton), 21 genotypes as moderate (0.8-1.0 ton) and 10 genotypes were high (> 1.0 ton) yielder. Genotype ICCV 05315 gave the highest seed yield ha -1 (1.3 ton) followed by ICC 13461 (1.3 ton), ICCV 07313 (1.2 ton), ICC 13764 (1.1 ton) and ICCV 00302 (1.1 ton). Genotypes K038 (0.4 ton), ICC 13283 (0.5 ton), ICCV 92318 (0.6 ton), ICCV 08307 (0.6 ton) and K025 (0.6 ton) recorded the lowest seed yield ha -1 (Table 4 ). The check varieties ICCV 00305 (1.0 ton) and ICCV 92318 (0.6 ton) were classified as moderate and low respectively for seed yield ha -1 . Based on environment wise means, the highest seed yield ha -1 was recorded during the long rain season Juja at (1.4 ton) followed by long rain season at Kabete (0.9 ton), short rain season at Kabete (0.8) and short rain season at Juja (0.5) with a grand mean of 0.9 ton.
3.1.6 Hundred Seed Weight (100 seeds/g) There were highly significant (p < 0.003) differences among genotypes and genotype by environment interactions for hundred seed weight ( Note. ** -significant at 1%, * -significant at 5% and NS -non-significant at 5% level of significant, © -Genotypes were analysed using missing block and hence they have the same values for all traits.
Qualitative Characters of Kabuli Chickpea Genotypes
Eight qualitative traits showed a wide range of variation among studied Kabuli chickpea genotypes (Figure 1 ) for all characters, except for leaf type (normal) and pod dehiscence (non-dehiscence) for which the genotypes were monomorphic. Genotypes were polymorphic with respect to stem pigmentation and were classified as dark green (59%), light green (38.0%) and partly purple (3.0%) ( Figure 1A) .The results indicated four types of growth habit namely semi erect, semi-spreading, spreading and prostrate. Semi spreading (46.0%) growth habit recorded the highest frequency followed by spreading (28.0%) and semi-erect (21.0%) while prostrate (5.0%) growth habit recorded the lowest frequency ( Figure 1B ). Evaluated genotypes also showed variations for seed testa texture such as smooth (79.0%), tuberculated (18.0%) and rough (3.0%) ( Figure 1C ). There were considerable differences among genotypes for flower colour such as white (97.0%) and light pink (3.0%) ( Figure 1D ). The evaluated genotypes also showed wide variation with respect to seed shape such as owl's head (92.0%), pea shaped (5.0%) and angular (3.0%) ( Figure 1E ). The studied genotypes further showed variability for seed coat colour like creamy white (97%) and brown (3%) ( Figure 1F ). 
Association among Quantitative Traits of Kabuli Chickpea Genotypes
The correlation coefficients among quantitative traits are presented in Table 5 . There was positive and significant (p < 0.05) correlation of seed yield ha -1 with biomass yield ha -1 (r = 0.85**), number of pods plant -1 (r = 0.57**), plant canopy width (r = 0.39**) and number of secondary branches plant -1 (r = 0.34*) but non-significantly correlated with the other characters.
Biomass yield ha -1 indicated positive and significant (p < 0.05) correlation with days to 50% flowering (r = 0.39**), days to 50% podding (r = 0.38*), plant canopy width (r = 0.60**), plant height (r = 0.38*), number of Vol. 7, No. 7; primary branches plant -1 (r = 0.55**), number of secondary branches plant -1 (r = 0.56**), number of pods plant -1 (r = 0.75**) and days to 75% maturity (r = 0.53**). It was negatively and highly significantly (p < 0.01) correlated with 100 seed weight (r = -0.53**) but non-significantly correlated with the other traits.
Number of pods plant -1 showed positive and highly significant (p < 0.01) correlation with days to 50% flowering (r = 0.65**), days to 50% podding (r = 0.71**), plant canopy width (r = 0.68**), plant height (r = 0.56**), number of primary branches plant -1 (r = 0.74**), number of secondary branches plant -1 (r = 0.78**), days to 75% maturity (r = 0.79**) and negatively significant correlation with pod filling period (r = -0.50**) and 100 seed weight (r = -0.70**).
There was positive and highly significant (p < 0.01) correlation of days to 75% maturity with days to 50% flowering (r = 0.83**), days to 50% podding (r = 0.89**), plant canopy width (r = 0.63**), plant height (r = 0.62**), number of primary branches plant -1 (r = 0.81**) and number of secondary branches plant -1 (r = 0.78**). Day to 75% maturity was negatively significant correlated with pod filling period (r = -0.63**) and 100 seed weight (r = -0.78**) but non-significant correlation with other traits.
Days to 50% podding was positively and highly significantly (p < 0.01) correlated with days to 50% flowering (r = 0.96**). Plant height also showed positive and highly significant (p < 0.01) correlation with days to 50% flowering (r = 0.45**), days to 50% podding (r = 0.50**) and plant canopy width (r = 0.77**). Note. **-significant at 1% level of significant (l. o. s) (Pr < 0.01); * -significant at 5% level of significant (Pr < 0.05) and NS -non-significant at 5% (Pr > 0.05); DF -days to 50% flowering; DP -days to 50% podding; PCWplant canopy width; PH -plant height; NPB -number of primary branches plant -1 ; NSB -number of secondary branches plant -1 ; DM -days to 75% maturity; PFP -pod filling period; NPP -1 number of pods plant -1
; NSP -1 -Number of seeds pod -1 , BM -biomass yield ha -1 , SY -seed yield ha -1 and HSW -hundred seed weight.
Principal Component Analysis
The results on principal component analysis showed the first three components (PCs) with eigenvalues greater than one explained significant proportion of the total variations. The first three principal components accounted for 80.14% total variance in the studied characters. The other principal components with less than one eigenvalues have not been included and explained in this paper. The proportions of cumulative variance explained by each of the first three principal components were 56.96%, 69.57% and 80.14 respectively. The characters associated with the first three principal components, their eigenvalues, variances percentage, cumulative proportion variances are given in Table 6 . Besides, eigenvalues of the seven principal components are provided as scree plot in Figure 2 . The first principal component explained 56.96% of the total variations and www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; was positively associated with the days to 50% flowering, days to 50% podding, plant canopy width , plant height, number of primary and secondary branches plant -1 , days to 75% maturity, number of pods plant -1 and biomass yield ha -1 . While pod length and pod filling period contributed in negative direction. The second principal component, which contributed to the total variations of 12.61% and was positively contributed through the number of leaflet leaf -1 at podding, plant canopy width, plant height, pod filling period, number of pods plant -1 , biomass yield ha -1 and seed yield ha -1 . In negative direction, it was related with days to 50% flowering and days to 50% podding. The third principal component explained 10.57% of the total variations. The third component was predominantly and positively associated with differences in number of pods plant -1 , biomass yield ha -1 and seed yield ha -1 . While in negative direction, it was mainly associated with number of leaflet leaf -1 at podding, plant canopy width, pod length, plant height and number of seeds pod -1 . 
Discussion
Crop genetic resources including chickpea germplasm represents an invaluable source of genetic diversity that is expected to be highly useful for current and future breeding programmes. A success in genetic improvement of chickpea greatly depends on the availability of genetic resources and the extent of genetic variations and interrelationship among important traits. Knowledge of genetic variations among genotypes and relationships of economic characters would assist chickpea breeders to devise suitable breeding strategies and to develop the most adaptive and productive varieties. In addition, analysis of agronomic and yield related traits and their contribution towards seed yield could provide a good opportunity for indirect selection of high yielding genotypes. The results from this study showed wide variations for all studied characters, which indicated the existence of considerable diversity. The diversity and interrelationship for the studied traits is described below.
Early flowering trait is an essential in a chickpea crop improvement. Flowering stage is highly sensitive and may be influenced by extreme temperatures due to adverse effect on viability of pollen and pollination which could result in poor fertilization and low seed set. The results from this study showed substantial differences among chickpea genotypes for days to 50% flowering (Table 2) . Likewise, Atta et al. (2008) , Khan et al. (2011) and Tesfamichael et al. (2014) reported significant and wide variation for days to flowering in chickpea germplasm.
The current results were not in agreement with those of Zelalem (2014) who reported non-significant difference for days to flowering in haricot bean. The documented information and identified early flowering genotypes from this study could be utilized by breeders as parent materials for hybridization in chickpea and develop early flowering varieties for the region.
Plant height is one of the desirable characters in a chickpea variety development. The evaluated genotypes showed wide variability with respect to plant height (Table 2) . Similar results were reported by Parameshwarappa et al. (2012), Tesfamichael et al. (2014) in chickpea germplasm and Yimram et al. (2009) in mung bean germplasm. However, in contrary to these results Roy et al. (2013) reported non-significant difference for plant height in lentil. The available variations for plant height from the studied germplasm can be exploited in chickpea breeding programmes.
Earliness trait is one of the prime breeding goals of chickpea as most farmers generally seek for early maturing varieties in order to enable the crop to mature within the growing season and give reasonable yield. Upadhyaya et al. (2007) reported that early-maturity helps chickpea crop to escape terminal heat and drought and increases its adaptation especially in the sub-tropics. The current results showed significant difference for days to 75% maturity (Table 3) . Similar findings were reported by Atta et al. (2008) , Khan et al. (2011 ), Tesfamichael et al. (2014 in chickpea genotypes and Oladejo et al. (2011) in cowpea. The identified early maturing genotypes with reasonable yield traits could be utilized for development of early maturing kabuli varieties and hence contribute to the promotion of chickpea in the region particularly during the short rain seasons.
Plant growth behavior of legume crops including chickpea can be determined by number of filled pods plant -1 . The studied genotypes showed existence of wide variation for number of pods plant -1 (Table 3) . Similar results were reported by many researchers (Qureshi et al., 2004; Malik et al., 2010; Gul et al., 2013; Tesfamichael et al., 2014) in chickpea. The current study indicated that genotypes with higher number of pods plant -1 were well adapted to the climatic condition and gave more pods and these could be contributed to high ultimate yield ha -1 . Therefore this study indicated there is a potential of obtaining high pod yielding genotypes from the evaluated kabuli germplasm. The obtained information and identified high pod yielding and promising genotypes could be exploited by chickpea breeders in the region to develop high yielding varieties suitable for semi-arid areas.
Yield is a quantitative variable trait and the result of several physiological and biochemical processes in the crop growth and development stages. The results from this investigation exhibited substantial differences among genotypes for seed yield ha -1 (Table 4 ). The presence of wide genetic variations for seed yield ha -1 showed the potential of the evaluated kabuli germplasm to develop high yielding genotypes for specific and broad adaptation. Similarly in chickpea, previous studies have reported significant genetic variation for seed yield (Malik et al., 2009; Padmavathi et al., 2013; Tesfamichael et al., 2014) .
High seed yield ha -1 is one of the main criteria for identifying and selecting superior varieties for most farmers. Thus, promising and high yielding genotypes from this germplasm could be used directly by the farmers or exploited for future hybridization of chickpea in the region.
There were highly significant differences among the evaluated genotypes for 100 seed weight (Table 4) . These results were in agreement with those of Qureshi et al. (2004) ; Khan et al. (2011) and Malik et al. (2009) who reported significant difference for 100 seed weight in chickpea germplasm.
Seed size is one of the most important yield related traits in chickpea crop and determines the final seed weight. The recorded variations for 100 seed weight could be attributed to small seed size and undeveloped seeds.
Overall, the results from this study showed significant and wide genetic variation among the evaluated genotypes with respect to all studied characters. This indicated that appreciable diversity existed within the kabuli chickpea germplasm and could be utilized by chickpea breeders in the region. The wide diversity could be attributed to genotype differences, environment and genotype by environment interactions. Genotypes ranking for most studied traits varied across environments. This indicated the presence of a crossover type of genotype by environment interactions. High yielding genotypes across environments identified in this study include ICCV 05315 (1.3 ton), ICC 13461 (1.3 ton), ICCV 07313 (1.3 ton), ICC 13764 (1.1 ton) and ICCV 00302 (1.1 ton). These promising varieties could be recommended for release to the farmers in the region especially in the semi-arid areas.
The studied qualitative characters showed wide variation among evaluated genotypes (Figure 1) . Majority of the evaluated genotypes were semi-spreading and had creamy white seed coat colour, white flower colour, dark green pigmented stem, owl' head seed shape and smooth seed testa texture. The current results were in line with those of Ramanappa et al. (2013) , Upadhyaya et al. (2002) , (Qureshi et al., 2004) and Hegde (2011) who reported significant variation for growth habit, seed shape, seed testa texture, seed coat colour and flower colour among chickpea germplasm. Stoilova and Pereira (2013) reported presence of wide variation for qualitative traits among cowpea genotypes. Theoretically, qualitative characters are controlled by a few genes with large effects and the expressions of these traits are more likely to be constant across environments and could be merely the results of genotypic differences. Genetic variation is the main interest of plant breeders and these variations can be utilized in future breeding programmes for improvement of chickpea.
The current results further indicated that seed yield ha -1 was positively and significantly correlated with plant canopy width, number of secondary branches plant -1 , pods plant -1 and biomass yield ha -1 but non-significantly correlated with other traits like number of primary branches plant -1 , plant height and 100 seed weight (Table 5) . The results therefore implied that increased seed yield ha -1 was not due to high number of primary branches plant -1 , tall plant height and high 100 seed weight but it was associated with high number of secondary branches plant -1 , larger plant canopy width, increased biomass yield ha -1 and increased number of pods plant -1 . It evidently indicated that the positive and significant correlation among agronomic traits with seed yield played an important role in the increment of ultimate seed yield. Thus the aforementioned characters could be selected and improved simultaneously to boost yield and further improvement of chickpea in the region. Qureshi et al. (2004) recommended that characters with positive and significant correlation with yield can be utilized in hybridization of chickpea for the development of varieties in combination of all those characters with seed yield.
In line with the present results, previous studies in chickpea, have reported positive and significant correlation of seed yield with the number of secondary branches plant -1 , number of pods plant -1 and biomass yield (Padmavathi et al., 2013) , seed yield with biomass yield and harvest index (Ahmad et al., 2012) . Other studies in chickpea, also reported negative and non-significant correlation of seed yield with plant height (Ali et al., 2011) . Seed yield was negatively and significantly correlated with plant height and number of branches plant -1 (Yucel and Anlarsal, 2010) . However, these results contradict to those previous findings by Vaghela et al. (2009) who reported positive and significant correlation of seed yield ha -1 with 100 seed weight in chickpea. Non-significant correlation of seed yield with days to 50% flowering could be due the fact that early flowering genotypes give low yield than late growth. Generally earliness trait is at the expense of ultimate seed yield. Though earliness usually related with low yield, in circumstances of low rainfall areas, it enables the plants to use the available soil moisture and escape from biotic and abiotic stresses that occur late in the growing season.
Biomass yield ha -1 correlated positively and significantly with days to 50% flowering, days to 50% podding, plant canopy width, plant height, number of primary branches plant -1 , number of secondary branches plant -1 , days to 75% maturity and number of pods plant -1 (Table 5) . A positive and significant correlation between seed yield ha -1 and biomass yield ha -1 indicated that both economic characters could be improved simultaneously. In some situations, wherever chickpea is produced as forage for livestock feed, it could be good opportunity for selection of genotypes with higher biomass yield ha -1 . Larger plant canopy width, tall plant height, more number of primary and secondary branches plant -1 , high number of pods plant -1 and late maturity could be associated with high biomass yield ha -1 and these characters could be improved concurrently to enhance the overall biomass yield and hence contributed to final seed yield production.
Number of pods plant -1 correlated positively and highly significant with days to 50% flowering, days to 50% podding, plant canopy width, plant height, number of primary and secondary branches plant -1 and days to 75% www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; maturity while negatively and significantly correlated with pod filling period. These evidently indicated that late flowering, late podding, more number of primary and secondary branches plant -1 , larger plant canopy width, tall plant height and late maturity could be contributed for more number of pods plant -1 and seed yield. In addition, negative and non-significant correlation of pods plant -1 with 100 seed weight indicated genotypes with more number of pods plant -1 could set small seeds due to competition for moisture and nutrients and vice versa.
There was positive and highly significant correlation of days to maturity with days to flowering, days to podding, plant canopy width, plant height, number of primary and secondary branches plant -1 (Table 5 ). These showed early maturing genotypes were not only early flowering and podding but they had small plant canopy width, short plant height, low number of primary and secondary branches plant -1 and vice versa. Similarly Malik et al. (2014) reported positive and significant correlation of days to maturity with number of primary branches plant -1 , number of secondary branches plant -1 and number of pods plant -1 .
The results of the principal components analysis showed that the first three principal components with eigenvalue greater than one explained 80.14% of the total variation among genotypes. The first principal component was associated with days to 50% flowering, days to 50% podding, plant canopy width, plant height, number of primary and secondary branches plant -1 , days to 75% maturity, number of pods plant -1 and biomass yield ha -1 as positive contributors. The first principal component accounted for the highest variability in the data compared to succeeding components. The second principal component was positively related with number of leaflet leaf -1 at podding, plant canopy width, plant height, pod filling period, number of pods plant -1
, biomass yield ha -1 and seed yield ha -1 . The results indicated that potential candidate traits for breeding materials could be obtained from genotypes in first and second principal components. Malik et al. (2014) reported that the first principal component was positively contributed through seed yield, biomass yield, number of pods plant -1 , number of secondary branches plant -1 and plant height while days to flowering, days to maturity and 100 -seed weight were positively associated with 2 nd principal component in chickpea. Muniraja et al. (2011) also reported the first principal component was associated with number of pods plant -1 , seed yield, plant height and number of secondary branches plant -1 while the second principal component correlated with days to flowering and days to maturity in chickpea germplasm. In cereal, Habibpour et al. (2012) reported the first five principal components explained 69.3% of the total variations where the 1 st principal component was linked with tiller numbers, fertile tillers, biological yield and grain yield in wheat.
Conclusion
It can be concluded from the above results that there is considerable genetic variation among genotypes for all studied characters. The ranking of genotypes for yield performance varied across environments. These could be attributed to a crossover type of genotype by environment interactions. High yielding genotypes across environments namely ICCV 05315, ICC 13461, ICCV 07313, ICC 13764 and ICCV 00302, were identified.
Seed yield ha -1 was positively and significantly (p < 0.05) correlated with biomass yield ha -1 , number of pods plant -1 , plant canopy width and number of secondary branches plant -1 . This indicated the aforementioned traits were highly associated with seed yield and could be used for indirect selection of high seed yielding genotypes.
The results further showed that 80% of the total variation was explained by the first three principal components. The first principal component was associated with the main agronomic and yield related traits as positive contributors. Overall, the existence of substantial differences for agro-morphological and yield related traits, positive and significant association among agronomic traits with seed yield among the genotypes in this study, shows that the studied germplasm can be exploited for future breeding programmes of chickpea in the region.
